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What is a horticultural substrate? 
A horticultural substrate is any 
material or combination of 
materials used to provide support, 
water and nutrient retention (but 
not necessarily supplying nutrients), 
and aeration for plant growth.   If 
fertilizers and limestone are added 
then they are called media or 
mixes.  Substrates also must have 
acceptable pH and EC values. 
Substrates which are currently used 
in commercial horticulture include 
sphagnum peat, pine bark, coconut 
fiber (coir), vermiculite, perlite, rock 
wool, rice hulls and various composts. 
In the U.S., peat moss is almost exclusively used by the horticulture 
industry. Forty thousand acres of sphagnum are currently being 
harvested in Canada, with 90% of the product destined for the 
U.S.  In the U.K., where peat moss is burned as fuel, nearly 94% of 
the lowland bogs have been altered or completely destroyed due to 
harvesting. 
Large-scale peat harvesting is not sustainable as it literally takes 
thousands of years to form peat which can be rapidly depleted. In 
particular, the extraction of large quantities of peat is a threat to 
raised bogs, which are the habitat for a large number of 
endangered plants such as sundews, orchids, and pitcher plants 
(Sarracenia).   
Platanthera clavellata (Michaux) Luer 
in western Massachusetts peat bog 
Sarracenia purpurea L. in 
western Massachusetts bog 
_______________________________________________________________________ 
Substrates also must have acceptable 
physical properties which include: 
Bulk density: the weight to volume ratio of a 
substrate in g/cc 
Total porosity: the percent volume of a 
substrate that is comprised of air pores 
Container capacity: the percent volume of a 
substrate that is filled with water after the 
substrate is saturated and allowed to drain 
Air space: the percent volume of a substrate 
that is filled with air after the substrate is 
saturated and allowed to drain 
Pelletized biochar from spent wooden 
pallets obtained from Chip Energy 

Pyrolysis unit setup 
Computer fan used to augment airflow 
through pyrolysis unit 
Pyrolysis unit before ignition with 
pelletized straw  
Adding EtOH to pyrolysis unit before 
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Finished biochar from pelletized 
StrawNet® hydromulch 
Chemical properties of substrates 
Element    Normal range    CE biochar    Strawnet biochar 
pH                     5.0-6.5                       8.0*                              9.5       
 
EC (mS/cm)     0.75-3.5                      1.1                              2.5 
 
NO3- (ppm)       370-930                        3                               10 
 
P (ppm)              15-45                          5                                28 
 
K (ppm)            160-270                      349                             961 
 
Ca (ppm)          160-280                      187                              40 
 
Mg (ppm)            25-70                         21                                9 
 
SO4-                  100-500                       103                            167 
____________________________________________________________ 
*Values represent the means of triplicate samples. 
 
                                                 
Transplant substrate experiments 
Seven treatments were tested as 
substrates for tomato and marigold 
transplants: (1) 50% V: 50% PM; (2) 50% 
V: 45% PM: 5% CEB; (3) 50% V: 40% PM: 
10 CEB; (4) 50% V: 35% PM: 15% CEB (5) 
50% V: 45% PM: 5% PSB; (6) 50% V: 40% 
PM: 10% PSB; (7) 50% V: 35% PM: 15% 
PSB.  Only biochar pellets that failed to 
pass through a 6 mesh (3.35 mm) sieve 
were used for this study. 
________________________________________________ 
Seeds of tomato (Solanum lycopersicum L. ‘Red 
Robin’) or marigold (Tagetes erecta L. ‘Inca II 
Yellow Hybrid’) were planted in 50% peat/50% 
vermiculite and transplanted after 24 days into the 
test mixtures. Three-liter pots were filled with 2.5 L 
of each of the formulations.  Transplants were 
added to the pots and each pot received 1.0 L of a 
complete nutrient solution (1.75 g fertilizer per pot).  
No additional fertilizer was used, and the plants 
were watered as needed with distilled water.  Each 
treatment was replicated six times.  Changes in 
plant heights were measured during the four 
weeks, and plants were harvested and dried at 60 C 
for 72 h to obtain dry weights. 
Marigold plants at start of 
pelletized biochar study 
Marigold plants at start of 







Marigold plants after 4 weeks growth 
with pelletized StrawNet® biochar 
Control 5% PSB 10% PSB 15% PSB 
Marigold plants after 4 weeks growth 
with pelletized Chip Energy biochar 
Control 5% CEB  10% CEB 15% CEB 
Control 5% PSB 10% PSB 15% PSB 
Tomato plants after 4 weeks growth 
with pelletized StrawNet® biochar 
Tomato plants after 4 weeks growth 
with pelletized Chip Energy biochar 
Control 5% CEB 10% CEB 15% CEB 
Results 
•  Tomato dry weights were the same for all 
treatments, although plant heights were 
greater than the control in 5 and 10% PS 
biochar treatments and 10 and 15% CE 
biochars.  
•  Marigold dry weights were the same except 
for the 5% CE biochar treatment.  All 
treatments except for the 5% CE biochar 
also had greater plant heights. 
Conclusions  
•  Depending on the species, both biochars 
appear suitable to replace peat moss in 
substrates up to 15%.   
•  Biochars derived from different parent 
materials possess different chemistries, 
especially levels of potassium and pH.  
Producing biochars from high sulfur 
feedstocks may result in lower pH products 
which would be more suitable for 
horticultural substrates. 
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